We evaluated the association between histologic grade of hepatocellular carcinoma (HCC) and degree of HCC enhancement on Gd-EOB-DTPA (Gadoxetic acid, Primovist)-enhanced magnetic resonance images (MRI) in HCC patients.
Introduction
Surgical resection (SR) remains the treatment of choice for hepatocellular carcinoma (HCC), and contributes to improve the prognosis of HCC patients. [1] [2] [3] However, even after surgery, patient's prognoses remain to be poor, and not all patients can underwent SR. [4, 5] Several preoperative factors have been reported to predict the outcome of SR, but their associations with patient's prognosis are tenuous. [6, 7] In addition to tumor stage, liver function, and general performance status, HCC differentiation has been shown to be associated with prognosis, [8] [9] [10] [11] [12] but degrees of differentiation are usually determined in postoperative specimens. Although differentiation degree can often be determined by liver biopsy before treatment, [12] biopsies are inherently invasive. Furthermore, in patients treated by radiofrequency ablation (RFA) or transarterial chemoembolization (TACE), histologic specimens are not available after treatment. Therefore, we hypothesized that the determination of HCC differentiation before treatment would considerably aid treatment decision making and post-treatment follow-up assessments.
Recent advances in magnetic resonance (MR) imaging (MRI) based on the use of the hepatocyte-specific MR contrast agent, gadolinium-ethoxybenzyl-diethylenetriamine (Gd-EOB-DTPA, Gadoxetic acid, Primovist; Bayer-Schering, Berlin, Germany) allow liver function to be quantitatively assessed. [13] [14] [15] Gadoxetic acid is uptaken by normal hepatocytes and excreted through the biliary tract and kidneys. However, HCC cells cannot uptake gadoxetic acid contrast agent, and thus, they are observed as hypointense nodules on the hepatobiliary phase of gadoxetic acid enhanced MR image. Using this concept, previous studies have been conducted to quantitatively evaluate HCC using enhancement patterns obtained on the hepatobiliary phase of gadoxetic acid enhanced MRI. [16, 17] However, these studies were limited by small number of HCCs, [16, 17] or by the enrollment of patients with dysplastic nodules (DNs). [16] Furthermore, the association between histologic grade of HCC with the degree of HCC enhancement has not been fully elucidated.
Therefore, we undertook to assess the relationship between the grade of HCC enhancement and histologic grade using gadoxetic acid enhanced MR images, and to identify factors predictive of the presence of poorly differentiated HCC.
Patients and methods

Study subjects
Between January 2012 and April 2015, 583 patients initially diagnosed as having HCC on liver dynamic computed tomography (CT) at our institution were retrospectively analyzed. In these patients, those satisfying the following criteria were excluded; those with a ruptured HCC, no gadoxetic acid-enhanced MRI examination, or HCC of BCLC stage B, C, or D. Moreover, to obtain surgical tissue of HCC, those who received treatments other than surgery, and those lost to follow-up before surgery were also excluded (Fig. 1) . Finally, 121 patients were recruited for our retrospective cohort, [18] and medical records of these patients retrospectively analyzed. The study was approved by Institutional Review Board at Inha University Hospital (Approval number: INHAUH 2015-10-019-001).
Preoperative gadoxetic acid enhanced MRI evaluations
HCC was diagnosed by gadoxetic acid enhanced MRI when liver dynamic CT produced atypical radiologic images of HCC, or was performed to detect HCCs not detected by liver dynamic CT. HCC was diagnosed according to the guidelines issued by the American Association for the Study of Liver Diseases (AASLD). [19] Tumor sizes and numbers, tumor type, and the presence of vascular invasion were recorded. Maximum tumor size was determined by measuring the longest lesion diameter on hepatobiliary phase of gadoxetic acid enhanced MRI. HCCs were staged using the BCLC staging system. [20] The method of acquisition used to obtain gadoxetic acid enhanced MR images was as described in our previous study. [18] Briefly, MR images (3.0-Tesla MRI) were acquired using gadoxetic acid (the liverspecific hepatocyte-directed MRI contrast agent). Gadoxetic acid solution (0.025 mmol/kg body weight dose 0.25 mol/L) was intravenously infused at a speed of 2 mL/s through an antecubital vein, and this was followed by a 20-mL 0.9% normal saline flush. Before injecting the contrast agent, T2-and T1-weighted MR images were obtained. The T2-weighted fast spin-echo (FSE)/ turbo spin-echo (TSE) sequence [≥3000/90-120 (repetition time in ms/echo time in ms), 90°flip angle, 320 Â 250 matrix, 6 mm slice thickness, 1 mm gap], and a T1-weighted gradient recalled echo (GRE) sequence with chemically selective fat suppression (FS) and without FS using a 160 to 192 Â 250 matrix, 15°flip angle, 6 mm slice thickness, and a 1 mm gap. After commencing contrast injection, dynamic images were obtained in the arterial, portal, and transitional phases at 30 seconds, 60 to 70 seconds, and 3 minutes, respectively, and hepatobiliary phase images were acquired at 20 minutes.
Quantitation of enhancement degree of liver parenchyma in MR images
Enhancement degrees of liver parenchyma were quantified using signal intensities (SIs) of MR images. SIs of liver parenchyma were measured by a radiology specialist (SG. Cho) with 20 years of experience at interpreting MR images, blinded to clinical information but aware of radiologic findings. The SIs of HCCs and surrounding non-HCC areas were measured by placing (1-2 cm 2 ) regions-of-interest (ROIs). ROI for HCC was placed in the center of tumor. ROI for surrounding non-HCC was placed in the center of each segment, but vascular structures, artifacts, and focal liver lesions including HCC were avoided. Mean SIs were calculated by averaging value of each segment. Relative SI ratios of HCC lesions to surrounding non-HCC areas on unenhanced images (precontrast ratio) and those on hepatobiliary phase images (postcontrast ratio) were calculated, respectively. Subsequently, relative liver enhancement (RLE) ratios (defined as postcontrast ratio/precontrast ratio) was calculated in each patient.
Histologic grading of HCC
All surgical liver specimens were obtained within 4 weeks after acquisition of gadoxetic acid enhanced MRI in all patients, and fixed in 10% neutral-buffered formalin. Sections were slicely cut at 3 to 4 mm thickness. Neoplastic lesion was stained with hematoxylin-eosin, or hepatocyte and cytokeratin 19 if needed. Non-neoplastic background liver was routinely stained with hematoxylin-eosin, reticulin, Masson trichrome, Prussian blue, and periodic acid Schiff after diastase (DPAS). If the tumors did not demonstrate characteristic finding of HCC, additional immunohistochemical staining was performed (e.g., Hepar-1, cytokeratin19, c-kit, etc). Histologic findings were retrospectively reviewed by 1 expert pathologist (JM Kim) unaware of RLE Figure 1 . Study subjects. A total of 121 patients were enrolled in the study.
Jin et al. Medicine (2017) 96: 30 Medicine results of the patients. Histologic HCC grading was performed using the Edmondson and Steiner (E-S) grading system, [21, 22] and the worst histologic grade was used. E-S grades of 1 or 2, 3, and 4 were defined as well, moderately, and poorly differentiated, respectively. [12, 21] 
Statistical analyses
Means (standard deviations), medians (ranges), or frequencies were used to describe patient baseline characteristics. The Chisquare test, Fisher exact test, or the Student t test were used to determine differences between categorical or continuous variables. Analysis of variance (ANOVA) test with Turkey multiple comparison test was used determine the significances of differences among 3 or more groups. Multivariate analysis was used to identify significant predictors of E-S grade IV, and logistic regression analysis to calculate odds ratios (ORs) and 95% confidence intervals (CIs). The optimal cut-off mean RLE for predicting the presence of E-S grade IV was determined using the Youden index, and area under the curve (AUC) analysis for prediction of E-S grade IV was also calculated. Two-tailed P values of <.05 were considered statistically significant, and the statistical analysis was performed using SPSS v18.0 (SPSS Inc, Chicago, IL).
Results
Baseline characteristics of patients
A flowsheet of the enrollment procedure is shown in Fig. 1 , and the baseline characteristics of patients are summarized in Table 1 . Median patient age was 56 years (range, 31-78 years), and 104 (86.0%) of the 121 patients were male. The most common etiology of HCC was hepatitis B virus infection (72.7%), and 74 (61.2%) patients had liver cirrhosis. Most patients had good reserve liver function of CTP class A (98.3%). Median AFP level was 13.7 ng/mL (range, 0.8-4.8 x 10 4 ng/mL). Median tumor size was 2.8 cm (range, 1-14 cm) and most patients (87.6%) had a single HCC. The majority (83.5%) were within Milan criteria, and 22 (18.2%) and 99 (81.8%) patients had BCLC 0 or A stage HCC, respectively. Histologically, capsule infiltration and septum formation were found in 65 (53.7%) and 8 (66.9%) patients, respectively. In addition, microvascular invasion (MVI) was observed in 48 (39.7%) patients. E-S grades I, II, III, and IV were found in 2 (1.7%), 14 (11.6%), 54 (44.6%), and 51 (42.1%) patients, respectively. Mean RLE (%) for all patients was 79.22 (standard deviation, ±23.53)
Mean RLE (%) according to E-S grade
On the basis of the E-S grading system, mean RLE was significantly different among patients with E-S grade I, II, III, or IV ( Fig. 2A, P = .01) . Due to the small number of patients with E-S grade I, E-S grades were categorized into 3 groups, that is, E-S grades I-II, III, and IV, and these 3 groups had significantly different mean RLE values (Fig. 2B , P < .01).
Comparison of clinical parameters for Edmonson-Steiner grades I-III versus grade IV
To determine the significance of mean RLE for poorly differentiated HCC, E-S grade was dichotomized into E-S grades Table 2) . Tumor size, frequency of BCLC stage A, and the presence of MVI were significantly higher in patients with E-S grade IV (Table 2 , P < .05), and mean RLE (%) of patients with E-S grade IV was significantly lower than that of those with E-S grade I-III (Table 2 and Fig. 3 , P < .01, respectively).
Significant predictors of Edmonson-Steiner grade IV
Univariate analysis showed that BCLC stage A (OR 5.84, P < .01), positive MVI (OR 2.63, P = .01), and mean RLE (OR 0.04, P < .01) were significant predictive factors of E-S grade IV. Multivariate analysis of these factors revealed that BCLC stage A (OR 4.38, P = .03) and mean RLE (OR 0.05, P < .01) independently predicted E-S grade IV (Table 3 ). The optimal cut-off of mean RLE value for predicting E-S grade IV was 74.47, and the AUC (95% CI) of this cut-off was 0.76 (range: 0.62-0.89).
Discussion
In this study, we found that mean RLE of E-S grade IV HCC patients was significantly lower than that of patients with E-S grade I-III, and mean RLE was found to predict E-S grade IV significantly in HCC patients. Despite the small number of patients with E-S grade I in the present study, mean RLE was also significantly different for E-S grade I, II, III, and IV. Previous studies have reported that histologic grading may be estimated using the hepatobiliary phase of gadoxetic acid enhanced MRI, [16, 23] but these studies had some limitations. First, numbers of subjects were small and patients with DNs were also enrolled. Second, some histologic specimens were obtained by preoperative needle biopsy, and thus, histologic grades of HCC were probably underestimated because of reported discordance between final histologic grades and needle core biopsy results. [12, 24] On the contrary, only HCC patients were enrolled in the present study, and the cohort was substantively larger than in previous studies. Furthermore, all surgical specimens were assessed histologically in the present study, and we specifically focused on the ability of gadoxetic acid enhanced MRI to predict poorly differentiated HCC by evaluating the association between quantitative enhancement degree on gadoxetic acid enhanced MRI and HCC differentiation.
Poorly differentiated HCCs are associated with poor prognosis [11, [25] [26] [27] ; in the E-S grading system, grade IV is considered indicative of poorly differentiated HCC. [12, 21] For this reason, E-S grade IV HCC should be treated with curative intent and closely monitored for early recurrence after treatment. Accordingly, in HCC patients with grade IV, the prediction of tumor differentiation, especially of poor differentiation, would be of considerable utility when determining therapeutic strategy. Therefore, in this study, we focused on how to predict the tumor differentiation using gadoxetic acid enhanced MRI. Comparison Jin et al. Medicine (2017) 96: 30 Medicine In the present study, we evaluated the association between RLE (%) as determined by preoperative gadoxetic acid enhanced MRI and HCC differentiation, and found that poorly differentiated HCC may be preoperatively distinguished from well or moderately differentiated HCCs. Pre-treatment needle biopsy can be used to assess HCC differentiation, but the technique is invasive and unnecessary for all HCC patients being considered for SR. [28] In addition, preoperative gadoxetic acid enhanced MRI is now used to reduce the risk of missing HCC lesions, and thus, of early recurrence postoperatively, and to improve patients' prognosis. [29, 30] Given the noninvasiveness of RLE measurements by gadoxetic acid enhanced MRI, the results of the present study may be clinically useful and provide a basis for the routine addition of a gadoxetic acid enhanced MRI examination in HCC patients scheduled for SR.
Godoxetic acid is a hepatocyte specific contrast agent, and allows the acquisition of hepatobiliary phase images, and thus, it is frequently performed in the clinical setting. The enhancement degree of liver on hepatobiliary phase of gadoxetic acid enhanced MRI can be influenced by the severity of liver cirrhosis, [15] which suggests potential confounding in the present study. However, most of the cirrhotic patients (98.3%) recruited had CTP class A liver function, which suggests that liver cirrhosis severity did not have a confounding effect, as evaluated by multivariate analyses. Furthermore, RLE was found to significantly predict E-S grade IV, regardless of cirrhosis in HCC patients, which means that RLE provides a useful tool for the preoperative prediction of poorly differentiated HCC in patients being considered for SR.
In the present study, tumor size was not associated with E-S grade IV, whereas in the previous study, [31] tumor size was found to predict histologic grade of HCC, and tumors larger than 5 cm HCC were associated with poor prognosis due to high rates of poorly differentiated HCC and MVI. This apparent difference was probably caused by the enrollment of surgical candidates in the present study with a median tumor size of 2.8 cm.
The present study has some limitations that warrant mention. First, the number of patients with E-S grade I was small (1.7%). Although the statistical significance of mean RLE was obtained for patients with E-S grades I to IV, the clinical implications of our finding regarding mean RLE for patients with E-S grade I should be approached cautiously, as larger scale studies are required on the topic. Second, no comparative quantitative evaluation of benign lesions, such as, dysplastic or regenerative nodules, versus HCC lesions was performed. Further study is required to enable benign lesions to be distinguished from HCC using quantitative enhancement on gadoxetic acid enhanced MR images. Third, this study is limited by its retrospective nature, and thus, inherent selection bias was unavoidable.
In conclusion, this study shows that E-S grade IV tumors have a lower mean RLE level than E-S grade I-III tumors on the gadoxetic acid enhanced MR images of HCC patients. Given that E-S grade IV is considered to indicate the presence of poorly differentiate HCC, measurements of RLE of HCC by gadoxetic acid enhanced MRI before SR may provide useful information regarding the presence of poorly differentiated HCC. Furthermore, these measurements might be helpful for treatment decision making and post-treatment follow-up in HCC patients. However, welldesigned RCTs are required to confirm our findings. 
